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Abstract The purpose of this study was to investigate the
outcome of expandable titanium cage implantation in large
defects caused by acute vertebral osteomyelitis. Twenty-
five patients with acute single or multilevel spondylodiscitis
were treated after radical débridement and posterior
instrumentation with an anterior expandable titanium cage
and bone grafting. Clinical, laboratory and radiological
follow-up continued for 36 months. Within the postopera-
tive course there was no recurrence of spinal infection. The
final radiological examination showed successful fusion in
all cases without implant loosening or failure. At the final
follow-up after 36 months the Oswestry Disability Index
was 23+14 and the pain visual analogue scale 2.1+1.7.
This study reveals healing and improved function after
expandable titanium cage implantation in all patients.
Prerequisites for optimal healing include radical débride-
ment, provision of stability for weight-bearing, adequate
bone grafting and correction of deformity using rigid
implants.

Résumé Le but de cette étude est d’analyser le devenir
des cages titane expansibles implantées dans le cas de
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perte de substances osseuses aigu€s vertébrales aprés
ostéomyélite. Matériel et méthode: 25 patients présentant
une spondylodiscite 2 un ou plusieurs niveaux ont été
traités. Apres mise a plat, instrumentation postérieure, mise
en place d’une cage antérieure expansible et greffe, les
patients ont été suivis pendant 36 mois sur le plan clinique,
biologique et radiologique. Résultats: il n’y a pas eu de
récidive de I’infection. Le résultat radiologique a montré
une bonne fusion dans tous les cas sans descellement ou
échec de I’implant. Au suivi final de 36 mois, I’index
d’Oswestry est de 23+14 et 1’échelle douloureuse visuelle
analogique est de 2.1+£1.7. En conclusion, cette étude
permet de montrer que ces cages autorisent une cicatrisation
et une amélioration de la fonction chez ces patients.
Néanmoins, il est nécessaire pour obtenir ce résultat de
réaliser une mise a plat, d’adapter la remise en charge, de
faire une greffe ¢également adaptée et de corriger les
déformations par une instrumentation rigide.

Introduction

Large bony defects after osteomyelitis remain a major
challenge in reconstructive surgery. A special entity in this
regard are vertebral defects after spinal infection. High
vascularity from overlying muscle and rich cancellous bone
provides an optimal basis for healing of vertebral infections
after surgical débridement, but complications due to access,
defect size, impairment of neurological structures and spinal
deformity are well known to spinal surgeons [7, 15, 20].
Depending on the size of defects, tricortical bone grafts,
vascular fibula grafts and titanium cages filled with
autologous cancellous bone have been used to reconstruct
osteomyelitic defects of the spine [11, 13]. From earlier
studies we know that the larger the bony defect is, the
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longer the time to healing will take [23]. Prerequisites for
optimal healing include radical débridement, provision of
stability for weight-bearing, adequate bone grafting and
correction of deformity [17]. Consideration of the anterior
weight-bearing and the posterior tension band are manda-
tory for optimal reconstruction of the spinal profile.
Therefore sometimes posterior-anterior-posterior interven-
tions may be required [19]. For more than five years newly
developed implants have been available allowing anterior in
situ distraction to act against the anterior compressive
forces in a posterior-anterior intervention: expandable
titanium cages.

To investigate whether expandable titanium cages allow
an adequate reconstruction of major spondylitic defects, we
followed up these patients prospectively for three years.

Materials and methods

This study was performed in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.
Written informed consent was obtained from all study
participants. During a period of two years (2003-2004) 25
patients (16 women and nine men; age: 68+11 years) with
acute single or multilevel spondylodiscitis (24 lumbar, 19
thoracic and no cervical) were investigated prospectively in
two spinal surgery centres. In 48% of the patients an
infectious focus could be determined (five patients had an
acute urinary tract infection, three had pneumonia, two had
chronic erysipelas and two had a periungual toe infection).
In the investigated group 57% of the patients had
cardiovascular disease, 21% insulin-dependent diabetes
mellitus and 13% terminal renal failure. In three of the
cases the spondylodiscitis was postprocedural. Ten patients
presented initially with epidural abscesses, five of whom
had a spinal stenosis of 52+17% of the spinal canal
diameter. Neurological deterioration with sensorimotor
deficits was present in seven cases.

Nine patients received antibiotic and orthopaedic treat-
ment prior to surgery, but were operated on because of either
neurological impairment or septic exacerbation. Surgical
management consisted of a simultaneous combined posteri-
or-anterior procedure (n=20) or a posterior-anterior-posteri-
or staged intervention (n=4). In one case a single anterior
procedure was performed. For posterior stabilisation a
titanium polyaxial screw-rod system was used (Moss
Miami, Moss Max or Expedium, all DePuy Spine, Leeds,
UK). During the anterior procedure, which was performed
using a conventional open approach, all patients received an
expandable titanium cage (X-Tenz, DePuy Spine, Leeds,
UK) with cancellous bone from the iliac crest blended with
gentamicin sponges (Sulmycin, Essex Pharma, London,
UK) following radical débridement and decompression. In
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the case of single-level spondylodiscitis the defect size led
to the choice of the expandable anterior device.

Postoperatively the patients received antibiotic treatment
for 12 weeks according to the resistance spectrum. If no
pathogen was found, broad-spectrum antibiotic treatment was
initiated for 12 weeks. No bracing was necessary due to the
high primary stability of the construct. Follow-up dates were
six weeks, 12 weeks, six months, one year and three years
postoperatively. At each follow-up lateral and anteroposterior
(AP) X-rays were performed. Furthermore white blood cell
(WBC) count and C-reactive protein (CRP) concentration
were determined with standard laboratory protocols. Pain
visual analogue scale (VAS) and Oswestry Disability Index
(ODI) were also investigated after one and three years.

Statistical testing was performed with Student’s #-test or
with the Mann-Whitney U test depending on the normality
determined by the Kolmogorov-Smirnov test.

Results

During the operation no complications were observed. A
pathogen was found in 12 cases, and in 13 cases no
pathogen could be identified. The most common bacteria
were Staphylococcus aureus (n=6), followed by coagulase-
negative staphylococci (n=3), Escherichia coli (n=2) and
Proteus mirabilis (n=1).

In the postoperative course no implant-related compli-
cations were seen. Three patients died postoperatively: one
patient did not recover from cardiac failure two weeks after
the staged anterior procedure, a second patient died after a
cardiac arrest six months after the operation and a third
patient died eight months postoperatively secondary to
pulmonary artery embolism. All remaining 22 patients
could be observed up to the three-year follow-up.

No implant failure or recurrence of infection infection
recurrence was seen in any patient. At the final follow-up
the WBC count was 7.6+2.0/nl, and the final CRP was
below 5 mg/l in all patients. The sagittal profile was
corrected in all cases (Figs. | and 2). From preoperative
imaging to postoperative radiographs a mean correction of
12.3£11.9° was achieved. From postoperative radiographs
to the final follow-up there was a mean segmental loss of
correction of 3.4+2.1° into kyphosis, which was statistical-
ly not significant. Six patients with preoperative sensori-
motor deficit recovered completely by the time of the final
follow-up. One patient did not recover completely before he
died due to pulmonary artery embolism.

The pain VAS dropped from 8.9+1.0 (7; 10) postopera-
tively to 3.0+0.8 (2; 4) (p<0.001) after one year to 2.1+1.7
(0; 4) after three years (p<0.001). The ODI was 50+18 (31;
60) after one year and improved to 23+14 (11; 47) after three
years (p<0.001).
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Fig. 1 This 76-year-old female patient presented with kyphosis due to
destructive spondylodiscitis T7/8 with epidural abscess (a—c¢). The large
defect after sagittal profile reconstruction and posterior instrumentation

Discussion

In the majority of cases pyogenic spondylodiscitis can be
treated non-operatively, even though antibiotic penetration
into the disc space is remarkably low [3]. If bony structures
are involved and large defects, deformities as well as
abscesses are prevalent, surgical treatment is often required
modalities [21]. The mainstays of successful surgical
treatment are a radical débridement, abscess evacuation
and decompression, followed by correction of the deformity
and stabilisation of the affected segments. The long-term
success of the surgical treatment depends on a stable fusion
by bone grafting [5, 6, 17].

For decades stabilisation of the osteomyelitic spine with
metal implants was avoided, because of bacterial adherence
to metal surfaces. The in vitro experiments of Ha et al. [4]
found a diverse bacterial adherence to commonly used
metal surfaces dependent on biofilm formation and species.

MRI T2 &
2

MRI Ty

Fig. 2 This 72-year-old female patient presented with spondylodiscitis

L3/4 and L4/5 with epidural abscess (a—c). The large defect after anterior
débridement, including corporectomy L4, and abscess evacuation was

3-years follow-up

was bridged by an expandable titanium cage and autologous bone
grafting (d). Three years postoperatively no kyphotic sintering was
found (e)

Despite the historical problems with implant infection, the
availability of titanium implants for anterior and posterior
stabilisation has resulted in their use in the setting of spinal
infection [8]. This was thought to be effective because
some titanium surfaces show reduced bacterial biofilm
adherence [4], and the local rich muscle covering with high
vascularisation causes high immunity on site [7]. Never-
theless, Shad et al. [18] found in all patients despite
successful fusion bacterial colonisation on implants after
removal within a year after cervical spondylodiscitis
treatment (n=4). Knowledge about the use of titanium
cages in the infected anterior spine is still limited, but more
and more authors advocate the use of cages in a 360°
fusion, because of the improved correction of deformity [2,
9-12, 16, 17].

Fayazi et al. [2] used titanium mesh cages in a staged
anterior-posterior procedure in 11 patients with spondylo-
discitis. Revision was necessary in one patient because of

-

bridged by an expandable titanium cage and autologous bone grafting
(d). Three years postoperatively no loss of correction was seen (e)
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hardware failure. One patient developed pseudarthrosis. No
patients showed Tony signs of recurrence of infection.

Korovessis et al. [9, 10] implanted titanium mesh cages
in 14 and 17 patients with pyogenic spondylodiscitis. No
loss in correction was found after a mean follow-up of
45 months. Revision was necessary in one patient.

The 22 patients with spondylodiscitis in whom Kuklo et
al. [11] implanted titanium mesh cages with additional
posterior instrumentation and had only minimal settling of
the cage. Surgical revision without implant removal was
necessary in two patients.

Lerner et al. [12] investigated the use of anterior titanium
mesh cages in 43 patients with spondylodiscitis. They
found a mean loss of correction of 1.4° at a mean follow-up
of 2.5 years. With the exception of one patient who
required anterior revision, all infections were eradicated.

The results of the largest series of patients with
spondylodiscitis were published by Ruf et al. [17], who
investigated the use of anterior titanium mesh cages in
combination with posterior instrumentation in spinal recon-
struction after spondylodiscitis in 88 patients. In three cases
as many as three vertebrae had to be replaced. They found
complete healing in all patients and adequate correction of
the sagittal profile.

The study by Ozturk et al. [14] presents excellent long-
term results in the treatment of spondylodiscitis with staged
and non-staged procedures in 56 patients, 50 of whom
received anterior titanium cages. They found solid fusion in
all cases and a mean correction of deformity between 16
and 17.1°.

Recently the results of using titanium mesh cages in 22
patients by our study group were published [16]. No
infection recurrence was seen after a mean follow-up of
36 months.

In an investigation by Aryan et al. [1] bone morphogenic
protein-2 (BMP-2) was used with allograft in anterior
titanium cages in ten patients and compared with titanium
cages filled with autologous bone graft in five patients. For
the mean follow-up of 20 months no recurrent infection
was seen and solid fusion was found both in the BMP-2
and in the autograft group.

Expandable titanium cages have several advantages
compared to non-expandable anterior devices. They require
less surgical exposure because they can be expanded within
the defect. Thus they can be manoeuvred more easily around
the large vessels to the lower anterior spine. Furthermore
distraction can be applied against the anteriorly acting
compressive forces leading to effective anterior load uptake
without the necessity of further intraoperative turning of the
patient to perform posterior compression.

Our findings presented here are unique since they
describe the three-year follow-up results of using expandable
titanium cages in defects after destructive spinal infection.
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Despite the wide availability of expandable titanium
implants, few results of spondylitic spinal column recon-
struction with these devices have been published to date.

Ulmar et al. [22] presented an investigation in 40
patients who received vertebral body replacement with an
anterior expandable cage (Obelisc, Ulrich, Ulm, Germany)
after posterior instrumentation. The mean follow-up was
16 months. There were five patients in this group with
spondylodiscitis who had a mean loss of correction of only
1.6° in the postoperative course. Loss of correction
typically occurred during the first 3 months.

These findings correlate with our results which are highly
in favour of expandable devices for large defects. Even
though implant designs differ widely, the biomechanical
properties are similar, if additional posterior instrumentation
is performed. Therefore expandable titanium cages are
possibly an effective alternative to currently used titanium
mesh cages, provided that adequate surgical techniques are
applied. Radical débridement, correction of deformity with
rigid stabilisation and bony fusion are the backbone of
successful surgery in vertebral osteomyelitis.

References

1. Aryan HE, Lu DC, Acosta FL Jr, Ames CP (2007) Corpectomy
followed by the placement of instrumentation with titanium cages
and recombinant human bone morphogenetic protein-2 for
vertebral osteomyelitis. J Neurosurg Spine 6:23-30

2. Fayazi AH, Ludwig SC, Dabbah M, Bryan Butler R, Gelb DE
(2004) Preliminary results of staged anterior debridement and
reconstruction using titanium mesh cages in the treatment of
thoracolumbar vertebral osteomyelitis. Spine J 4:388-395

3. Gibson MJ, Karpinski MRK, Slack RCB, Cowlishaw WA, Webb
JK (1987) The penetration of antibiotics into the normal
intervertebral disc. J Bone Joint Surg Br 69:784-786

4. Ha KY, Chung YG, Ryoo SJ (2005) Adherence and biofilm
formation of Staphylococcus epidermidis and Mycobacterium
tuberculosis on various spinal implants. Spine 30:38—43

5. Ha KY, Shin JH, Kim KW, Na KH (2007) The fate of anterior
autogenous bone graft after anterior radical surgery with or
without posterior instrumentation in the treatment of pyogenic
lumbar spondylodiscitis. Spine 32:1856—1864

6. Hadjipavlou AG, Mader JT, Necessary JT, Muffoletto AJ (2000)
Hematogenous pyogenic spinal infections and their surgical
management. Spine 25:1668-1679

7. Heyde CE, Boehm H, El Saghir H, Tschoke SK, Kayser R (2006)
Surgical treatment of spondylodiscitis in the cervical spine: a
minimum 2-year follow-up. Eur Spine J 15:1380-1387

8. Klockner C, Valencia R (2003) Sagittal alignment after anterior
debridement and fusion with or without additional posterior
instrumentation in the treatment of pyogenic and tuberculous
spondylodiscitis. Spine 28:1036—1042

9. Korovessis P, Petsinis G, Koureas G, Iliopoulos P, Zacharatos S
(2006) One-stage combined surgery with mesh cages for treatment
of septic spondylitis. Clin Orthop Relat Res 444:51-59

10. Korovessis P, Petsinis G, Koureas G, Iliopoulos P, Zacharatos S
(2006) Anterior surgery with insertion of titanium mesh cage and
posterior instrumented fusion performed sequentially on the same



International Orthopaedics (SICOT) (2009) 33:745-749

749

11.

13.

14.

15.

day under one anesthesia for septic spondylitis of thoracolumbar
spine: is the use of titanium mesh cages safe? Spine 31:1014-1019
Kuklo TR, Potter BK, Bell RS, Moquin RR, Rosner MK (2006)
Single-stage treatment of pyogenic spinal infection with titanium
mesh cages. J Spinal Disord Tech 19:376-382

. Lerner T, Schulte T, Bullmann V, Schneider M, Hackenberg L,

Liljenqvist U (2006) Anterior column reconstruction using
titanium ring cages in severe vertebral osteomyelitis. Eur J
Trauma 32:227-237

McGuire RA, Eismont FJ (1994) The fate of autogenous bone
graft in surgically treated pyogenic vertebral osteomyelitis. J
Spinal Disord 7:206-215

Ozturk C, Aydinli U, Vural R, Sehirlioglu A, Mutlu M (2007)
Simultaneous versus sequential one-stage combined anterior and
posterior spinal surgery for spinal infections (outcomes and
complications). Int Orthop 31:363-366

Robinson Y, Reinke M, Kayser R, Ertel W, Heyde CE (2007)
Postoperative multisegmental lumbar discitis treated by staged
ventrodorsoventral intervention. Surg Infect (Larchmt) 8:529-
534

16.

17.

18.

19.

20.
21.

22.

23.

Robinson Y, Tschoke SK, Finke T, Kayser R, Ertel W, Heyde CE
(2008) Successful treatment of spondylodiscitis using titanium
cages. Acta Orthop (in press)

Ruf M, Stoltze D, Merk HR, Ames M, Harms J (2007) Treatment
of vertebral osteomyelitis by radical debridement and stabilization
using titanium mesh cages. Spine 32:E275-E280

Shad A, Shariff S, Fairbank J, Byren I, Teddy PIMAD, Cadoux-
Hudson TAD (2003) Internal fixation for osteomyelitis of cervical
spine: the issue of persistence of culture positive infection around
the implants. Acta Neurochir (Wien) 145:957-960

Stoltze D, Harms J (1999) Correction of posttraumatic deformities.
Principles and methods (in German). Orthopade 28:731-745

Tali ET (2004) Spinal infections. Eur J Radiol 50:120-133

Tay BKB, Deckey J, Hu SS (2002) Spinal infections. J] Am Acad
Orthop Surg 10:188-197

Ulmar B, Richter M, Kelsch G, Cakir B, Puhl W, Huch K (2005)
Distractible vertebral body replacement for the thoracic and
lumbar spine. Acta Orthop Belg 71:467-471

Wlodarski KH, Galus R (2005) Histological aspects of bone
fracture healing. Ortop Traumatol Rehabil 7:351-360

@ Springer



	Reconstruction of large defects in vertebral osteomyelitis with expandable titanium cages
	Abstract
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


